APPLICATION^ 
FOR 

UNITED STATES PATENT 

To (ill wlu)}}} it max couceni: 

Be it know n that wc, Craii^ S. Rcndafil John DiDonienico, and Paul F. K\lc 
have invented certain new and useful uuprovements in 

Apparatus And Method For Measuring Vehicle Speed And/Or Acceleration 

of which the Jollowifji^ is a full, clear cnid e.\(U't description: 
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APPARATUS AM) METHOD FOR MKASLRINC; VKHICLE SPEED 
AND/OR ACCELERATION 

PRIORITY 

This application claims prioril> to pro\ isional U.S. Patent Application Serial 
5 No. 60/258,561, filed December 29, 2()()(). the disclosure of which is hcrclvv 
incorporated by reference. 

EIELD OF THE INVENTION 
The present invention relates generally to an apparatus and method for 
measuring the speed and/or acceleration of a \'ehicle. More particular!}, the 
10 in\ ention relates to the use of a prt\]ected radiation beam that is blocked by passing 
N'chicles. 

BACKGROUND OF THE INVENTION 
Vari*)u^ arrangement> Wm' incaMuing liie speed and/or acceleration of a 
\ehicle mo\ing along a surface such as a rcnidwax' ha\e been known. One such 

15 de\ ice uses radiation sources on one side of the roadwax', projecting a beam across 
the roadwav tc^ be recei\ed b\ a rcspectixe detector. The detectors are on the 
opposite side of the roadw ay from the radiation sources. The detectors detect when 
the beam is blocked h> a w heel of the \ chicle. A calculating circuit determines the 
speed and/or acceleration of the \ ehicle based on informaticMi trom the detectors. 

2 0 A disad\'antage of this know n arrangement is that the radiation sources and 

detectors must be placed on opposite sides of the roadway from each other. Since 
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both the deleclors and radiation sources require power to operate, this means that a 
separate power supply must be pro\ ided on each side of the roadway. 

Another disadvantage of the known arrangement is that it is difficult to align 
the sources and detectors so that the beam hits the detector. 
5 Still another disadvantage of the known arrangement is that theie is no means 

for approximating the size and/or mass of the passing vehicle, information useful in 
the calculation of the Specific Power generated by the vehicle. Specific Power is 
crucial to correlating on-road in-use emissions from vehicles to stationary loaded- 
mode tests when the embodiment of this in\'ention is applied to on-road in-use 
1 0 emissions testing. 

No currently known embodiment of speed and acceleration can be 
implemented such that more than one group of sensors can ccMinected in series 
("daisy-chained") to produce multiple sets of speed and acceleratic^i measurements. 
Yet another disad\ antage of know n arrangements is that there is no provision 
15 for a conx enient support structure that can support more than one unit such as sender 
units, detector units, or retlectc^- units, tc^ provide a fixed spacing between the units 
while also permitting the support to be adjustable for une\en surfaces or for 
mounting on a curb when desired. Also, there is no pro\'ision for making such a 
support able to be disassembled for storage and/or transport. 
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Accordingly, it would be desirable to have an arrangement where power 
could be supplied on only one side of the roadway and which is easier to align than 
conventional arrangements. 

It would also be desirable to have a convenient support structure that can 
support more than one unit such as sender units, detector units, or rcnector uniis, to 
provide a fixed spacing between the units while also permitting the support to be 
adjustable for uneven surfaces or for mounting on a curb when desired. Also, it 
would be desirable to have a provision for making such a support able to be 
disassembled for storage and/or transport. 


In accordance with one embodiment of the present invention, an apparatus is 
provided for determining the speed and/or acceleration of a motor traveling on a 
\ chicle path. The apparatus has a first radiation source arranged at a tirst side of the 
vehicle path and a first reflector arranged on a second, opposite side of the vehicle 

15 path from the radiation source that reflects the radiation from the first radiation 
scHirce back towards the first side of the vehicle path. A first detector is arranged at 
the first side of the \ ehicle path that recei\'es the reflected radiation from the first 
reflector and detects a presence or absence of the reflected radiation. A second 
radiation source is arranged at the first side of the vehicle path and a second reflector 

2 0 is arranged on the on the second, opposite side of the vehicle path trom the second 
radiation source that reflects the radiation from the second radiation source back 


10 
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towards the first side of the v ehicle path. A second detector is arranged at the first 
side of the vehicle path that receix es the reflected radiation from the second rellector 
and detects a presence or absence of the reflected radiation. A controller which is 
operativeiy connected to the first and second detectors calculates at least one of the 
5 speed and acceleration of the motor vehicle in response to the detection by the first 
and second detectors. 

The invention provides a method for measuiMng at least one of the speed and 
acceleration of a vehicle traveling on a xehicle path by emitting radiation from a first 
side of the x'ehicle path, then reflecting the radiation emitted at a second, opposite 

IC side of the vehicle path back towards the first side of the vehicle path. The retlected 
radiation is received at the first side of the vehicle path and a presence or absence of 
the retlected radiation is detected. At least one of the speed and acceleration of the 
motor vehicle is calculated in respcMise to the detectmg step. 

hi another aspect, the in\ ention pro\'ides a support for supporting two or 

15 nx^re units used in a system for nK\isuring a speed and or acceleration of a 

\ chicle, w ith the support able to rest on a surface, has an elongated bar on whicli 
the units are mounted. A first leg and a second leg are both mcnmted to the bar. 
A thuxl leg is mounted to a rear portion. The legs in some embodiments are 
height-adjustable. 

2 0 
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There has thus been outlined, rather broadly, the more important features of 
the invention in order that the detailed deseription thereof that follows may be better 
understood, and in order that the present eontribution to the art may be better 
appreeiated. There are, of eourse, additional features of the invention that will be 
5 described below and which will form the subject matter of the claiiTiS appended 
hereto. 

In this respect, before explaining at least one embodiment of the invention in 
detail, it is to be understood that the invention is not limited in its apphcation to the 
details of construction and to the arrangements of the components set forth in the 
1 0 following description or illustrated in the drawings. The invention is capable of other 
embodiments and of being practiced and carried out in various ways. Also, it is to 
be understood that the phraseology and terminology employed herein, as well as the 
abstract included below, are for the purpose of description and should not be 
regarded as limiting. 

15 As such, those skilled in the art will appreciate that the conception upon 

w hich this disclosure is based ma> readily be utilized as a basis for the designing of 
other structures, methods and systems for carrying out the scNcral purposes of the 
present invention, it is important, therefore, that the claims be regarded as including 
such equivalent constaictions insofar as they do not depart from the spirit and scope 

2 0 of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of the hardware utili/ed in the present 
iinention. 

FIG. 2 is a top plan \'ie\v o( a source/detector (S/D) unit according to a 
preferred embodiment of the invention. 

FIG. 3 is a front view of the S/D unit shown in FIG. 2. 

FIG. 4 is a top plan view of a reflector unit according to the present 
invention. 

FIG. 5 is a front view of the reflector unit shown in FIG. 4. 
FIG. 6 is a side \'iew of the S/D unit of FIG. 2 and also represents a side 
\ iew of the reflector unit of FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 
In general, accordmg to the iinention. two or more laser/photo-detector 
modules, also referred to as scunce/detector (S/D) units, are placed at known 
distances apart frc^n each other along the v ehicle path, emitting beams perpendicular 
tt^ the r(xidway or path of travel of the \ chicle, to a respective relro-retlective element 
located across the roadwav. The beam is reflected back by the retro-reflective 
element and detected by the S/D unit. When a passing vehicle breaks the beam, the 
timing of the interruption of the beams is used to calculate an mdication of speed 
and/or acceleration of the vehicle. 


ATTORNEY REF. NO. 1 14292.1561 PATENT 


Accordinizly. the prcscnl iincntion pixnides a system and method lor 
measuring the speed and/or aeeeleratioii of a vehicle. Referring to FIG. 1 , a preteired 
embodiment ot the system 10 includes a plurality of integral source/detector ("S/D"') 
units 12 arranged on opposite sides of the vehicle path from retro-reflector matrix 

5 units 14. The S/D units 12 each ha\ e a radiation beam output and a detcctoi. The 
S/D units 12 and/or retro-reflector matrix units 14 can be positioned by being 
attached to bar units 16, IS of known length to fixedly separate the distance D 
between the units in the direction of travel being measured. The S/D units 12 each 
project a radiation beam, such as a laser beam, generally perpendicularly across the 

0 roadway or path of vehicle tra\ el tow ai d the other side of the rcxidway. Each retro- 
reflector matrix unit 14 is positioned on the other side of the roadway and recei\ es 
and reflects the beam back io the respective S/D unit 12. The S/D unit 12 receives 
the reflected beam. 

The ictro-ret lector matrix units 14 can be proxided b\ employment of 
5 commercially available reflector items. These retro-reflectors reflect at least a 
portion of a recei\ ed light beam back in the direction from w hich the light beam hit 
the retixvreflector. Ex en if the beam does not hit the reflector perpendicular to the 
reflector, the retro-reflector matrix 14 w ill reflect a sufficient amount of light back 
t(n\ ards the origin of the beam to be detected. Thus, the retro-reflector matrix units 
G 14 w ill reflect a sufficient amount of a recen ed beam back to the respectne S/D unit 
12 for detection. This prox ides a significant adv antage of the invention, whereb\ the 
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rctro-rctlcctor matrix 14 does not need to be aligned to be directly perpendicular with 
the direction of the beam. Tins feature greatly smiplifies mstaliation and set up of 
the system 1 0. 

FIG. 1 further schematically depicts the arrangement of the S/D units 12 and 
5 the retro-reflector matrix units 14, with the S/D units 1 2 mounted to S/D bar uiuls \b, 
and the retro-retlector matrix units 14 mounted to retlector bar units 18. The S/D bar 
units 16 each include at least two S/D units, S/D 1 and S/D 2, but may include any 
number greater than two, that is S/D /V units. FIG. 1 also schematically illustrates 
that more than one S/D bar 16 and more than one reflector bar unit 18 may be used. 

IC Mounting the S/D units, S/D 1 and S/D 2, on S/D bar unit 16 provides a fixed 
distance between the S/D units thai are mounted on the S/D bar unit 16. Similarly, 
mounting the retro-reflector units 14 on a S/D bar unit 16 prox ides a fixed distance 
between the retro-retlector units 14. The S/D bar unit 16 may also include a speed 
and acceleration microcontroller 20 which includes electronics that respond to the 

1 E sensed interruptions of the beams. 

In some embodiments, move than one S/D bar unit 16 ma>' be used, with the 
bars cascaded (''daisy chained") together, and each bar ha\lng at least two S/D units 
12. The S/D bar units 16 can be C(Mifigured so that they can cascaded simply by 
connecting the end of one S/D bar unit 16 to the begmning of the next S/D bar unit 

2 0 16. The reflector bars 18 can be cascaded in corresponding fashion. 
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As the \ chicle dri\'cs through the remote sensing system 10, the vehicle's 

tires interact w ith the projected and reflected beams, and the xehicle's speed and/or 

acceleration can be measured based on detected blocking and/or unblocking of the 

beams. A single external computer system 22 receives signals from the 

5 microcontrollers 20 of each bar 16 in use via an interface such as an RS232 inierface, 

and can calculate the vehicle's speed and/or acceleration. The computer system 22 

can also supply power to the S/D bar unit(s) 16. In a prefeixed embodiment, the S/D 

unit(s) 16 also include a tilt sensor 24. The computer 22 can be a personal computer 

or a personal digital assistant or other suitable device. 

10 The following list depicts a sequence of events for a single speed and 

acceleration bar with S/D units: 

1 . The system reads road slope from the tilt sensor. A road slope with an 
mcline (uphill) is expressed as a positive number. A road slope with a 
decline (downhill) is expressed as a negative number. 

15 2. The vehicle begins b\' drix ing thix^ugh a speed and acceleration system 

which is a single bar of "N" S/D laser and retro-reflective matrixes with 
"D" distance between them. 

3. The vehicle's front tires blocks tlie P' laser beam that traverses the 
roadway. 

2 0 4. The system records the Timej iHUv of the block. 

3. The vehicle's front tires exit the P' laser beam that traverses the roadway. 
6. The system records the Timej.-u nhinc of the unblock. 
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7. The \'chiclc\s front tires blocks the 2"*' laser beam that traverses the 
roadway. 

S. The system records the Timci-^HK,, of the block. 

9. The vehicles front tires exit the 2"'' laser beam that traverses the roadway. 

? 10. The system records the Timci ^t nhtoc of the unblock. 

1 1. The system reads relative \ chicle mass from magnetometer sensor. 

Vehicle type is determined from magnetic signature {e.g. small vehicle up 
to a semi tractor/trailer}. 

12. The vehicle's rear tires block the T' laser beam that traverses the roadway. 

IC' 13. The system records the TimcpiHio, of the block. 

14. The xehicle's rear tires exit the P' laser beam that traxerses the roadway. 

\5. The system records the Timci,. u nhhv of the unblock. 

16. The \'ehicle's rear tires blocks the 2'^'' laser beam that traverses the 
I'oadway. 

15 17. The system records the TimCp^hioc of the block. 

15. The vehicle's rear tires exit the 2'''' laser beam that traxerses the roadway. 

19. The system records the Timch-i „hKv of the unblock. 

20. The sxstem calculates the Vehicle's Speed and Acceleration based on P' 
and 2'"' lasers: 

2 0 Speed] = I^/(Tiniei :hi.v - Tinici 

Speed: = DATiniCi :r„b;>. TimenrnM.-J 

Speed; = D/(TinieK:Hi,v TimeKn^i.v) 

Speed.; = D/(TinieK:rnM . TiniCKU nhi-v* 

Accel] - (Speed; - Speed] )/{TiineK:Hrv - TimcMHi,,,) 
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Accel: = (Spcecl4 - Sjiccd iniCK:rnM,K - TimC[ k nt Kv )• 

21. The vehicle's front tires blocks the 3"' laser beam that traxerses the 
roadway. 

22. The system records the Time}:;Bioc of the block. 

5 23. The vehicle's front tires exit the 3''^ laser beam that traverser the roaciway. 

24. The system records the Timci-n nhi.v of the unblock. 

25. The vehicle's rear tires blocks the 3"' laser beam that traverses the 
roadway. 

26. The system records the TimcRMiKv of the block. 

10 27. The vehicles rear tires exit the 3"' laser beam that traverses the roadway. 

2S. The system records the Timei> nhhv of the unblock. 

29. The system calculates the Vehicle's Speed and Acceleration based on 2"'' 
and 3"' lasers: 

Speed> = I)/(Timci ;b!>v - Tinici :hkv) 
15 Speedf-, = D/(Tnnern „bi,,. - 1'nnei :[-nhhv) 

Speed- - n/(TiineK;ni,v TinieK:HKv) 
Speeds = l)/(TinieR;rnN.v -■ I'lniCKjmhhv) 
Accel; = (Speed- - Spccdo/iTiincR^H],,, - Tinici -iii,,, ) 
AcceU = (Speeds - Speed., i/(TimeK ;i. nhKv - Tiniei:rnhi>v)- 

2 0 30. The s\'stem further calculates the Vehicle's Speed and Acceleration based 

on the r' and 3"' lasers: 

Speed., = 2'^D/(Timei qii,,, Timci iBio. ) 
Speedio = 2^^D/(Timei ;i hm V - TiniCi imhKv) 
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Speedii = 2 ■^DATimcR^hi,, -- Tinicuiiii. J 

Spccdi: = 2 ■M)/(TimcK,,„hi.. - TimcKK nbhv) 

AcccK = (Spccdi I - Speed j/iTiniCKU nbiv - TitnCf iHin. ) 

Accel, = (Spccdi: Speed], , )/(TimcK ^ „bK„ - Timci u nbioJ. 

3 1 . The \ ehicle's rear tire blocks the A^^^' laser beam that traverses the roadway. 

32. The system records the TimCf-AHio. of the block. 

33. The vehicle's rear tire exit the iV^' laser beam that traverses the roadway. 

34. The system records the Timci-M nbioc of the unblock. 

35. The system finally calculates the Vehicle's Speed and Acceleration based 
on the 1 and A^^'' lasers: 

Speed,:.,,,' - :n.- - - (A'-l I)/(TinieiAni,v - Tiinci ih^J 
Spced,,:Mir- :„,. :, = (A-l )-n/( Time, u nbKv " TiiTiCi u nhKv ) 
Spced,,:,,i,^:ni- i. = (A'-l )^M)/(TiineK viihv - TimeRiuKv) 
Speed, :.nr . :n- = (A-1 )'^I)/(TinieK vrnbi.v - TimcRirnbKv) 

Accel, = {SpeedM:,., ^:. M . - Speed,,:, :,;, )/ (TimcR vr„bi.v - Timci -u. ^ * 
AcecL;.,,, = (Speed,:,,,;.,,. - Speed,, :,,r :,,.:, )/ (TinieRvrnbi.v - Tiniei-mipJ. 

36. The system calculates the axerage speed and acceleration: 

Speed, = (Speedi + Speed: + Sjx^ed; ... = Speed,:, nr-:ni)A:np" :ip 
Aecel.i^,. = (Accel] = Accel: = /Kccel; ... ~ Accel,,," m ,„".„«. 

37. The system saves the vehicle's Speed,,^. and Accelix.- 

3S. Vehicle specific power (SP) is calculated either usmg measured relativ e 
\ehicle mass, or utilizing an equation that discounts the mass of the 
\ chicle. SP can be calculated so that an on-road in-use measurement of a 
vehicle's emissions can be correlated to a treadmill test such as IM240 or 
other loaded mode treadmill test where SP can be calculated. l\SEPA uses 
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a rornuila for calculating SF^ that is: 2 speed acceleration, though this 
does not take into account an adjustment for acceleration, as can be done 
with this systenh for those \ehicles sampled on an inclined/declined 
roadway. Measured acceleration is adjusted for the effect acceleration due 
5 to gravity (a.) has on the \ehicle. The effect of a. (in English units) is 

calculated by multiplying the SINE of the road slope (measured in degrees 
angle relative to the hc^ri/on) Uy iacior 21.82. A road slope expressed 
in Percent Grade is multiplied directly to the 21.82 factor (e.g. 6% grade is 
{),()6 21.82). For an inclined (uphill) road slope, the vehicle must 
10 overcome acceleration due to gravity that works against the vehicle 

moving uphill. Therefore a. is added to the measured acceleration from 
the system, and a. is subtracted trom the measured acceleration when a 
xehicle is traveling downhill. Both measured and adjusted acceleration 
can be reported by the system. 

15 In the preferred embodiment, the number '^N" of lasers is typically between 

two to four lasers and the distance "F)" is typically between 1 .44 feet (0.43 meters) 

to 4.0 feet ( 1 .22 meters). 

The sequence of exents described abo\ e for performing calculations based on 

the sensed beam information represents a presently preferred embodiment. However, 
2 0 an\' other suitable calculations max be performed based on the sensed interruptions 

of the light beams, and also x arious steps such as. for example, calculation of specific 

power can be omitted in some emb(xliments if desired. 
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In the prctcrred enibodimcnL the S/D units 12 can be prox ided by an ofT-lhe- 
sheir svstetn having a class 2 \ isiblc laser diode light source and an appropriate 
detector. However, any suitable radiation beam can be employed. 

In a prelerred embodiment of the invention, the projected beam is a 
5 modulated laser beam. Employing a modulated beam rather than ;i constant beam 
minimizes reflective noise, and thereby provides improved performance. The 
modulation is preferably fast enough to permit measurements having a desired 
accuracy. In a preferred embodiment, the beam can be modulated at approximately 
a 20 kHz rate. Higher radiation rates of o\'er 200 kHz can also be employed. 

10 The arrangement of the S/D units 12 on one side of the road, and retro- 

reflector units 14 on the other side of the road, provides many benefits. For example, 
power needs to be supplied onl\' to one side of the roadway. This is particularly 
adx antageous since the S/D units 12 m some applications are battery powered \ ia the 
external computer 22 being battery powered. Of course, the S/D units 12 may also 

15 be powered by a temporary or permanent corded connection or other suitable power 
connection. Further, an operator can align the units and obserxe that proper 
alignment has been achieved, all iVom one side of the roadway. That is. the operator 
can first set the retro-reflector units 14 on the tar side of the roadwax . and then can 
place the S/D units 12 on the near side i^f the roadway, and manipulate the S/D units 

2 0 12 until proper alignment is (^bser\ ed b\' obser\'ing an indication of the detection of 
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the beam by the S/D units 12. Set up of the assembly is deseribed in more detail 
below. 

Referring to FIG. 2, although in some preferred embodiments the S/D units 
12 are mounted on bar units 16 which may be rigid metal bars, the S/D units 12 may 
5 also be deployed individually. Similarly, the retro-reflective unit< 11 iriay be 
deployed individually instead of on retlector bars 18. The S/D units 12 and/or retro- 
reflective matrixes 14 can be mounted in other fashions, and for example might be 
permanently mounted in a curb or roadway wall structure. The bar units 16 and/or 
IS may be designed to be cascaded touching end to end, or may be designed to be 
IC' spaced from each other by a predetermined distance. 

hi a preferred embodiment, the S/D bar units 16 can be adjusted to position 
the height of the laser beam abov e the x ehicle path surface, such as a roadway, and 
also to ov\cn{ the beam to be at least substantially parallel to the surface, T(^ 
accompHsh thi>, die bar units 16 ma\ be prov ided with adjustable legs 24, 26, 28 
IE' that support the bar units 16, 18 as shown in FIGS. 2-6. 

Turning now to FIGS. 2-6 in more detail, a preferred embodiment of a S/D 
bar unit 16 shown in FIGS. 2 and 3. The bar unit 16 includes a first rectangular 
tubular portion 30 connected in line with a second rectangular tubular segment 32. 
The two rectangular tubular segments 30. 32 are detachably mated together \ ia a 
2 C' connecting piece 34 that slides into suitable tubes welded into at the respective ends 
of the segments 30 and 32. The connecting piece 34 has two holes drilled 
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therethrough and receives removable pins 36. By virtue of this arrangement, the 
segments 30 and 32 can be separated tor storage, and can be attached together to 
form a smgle continuous elongated bar for operation. 

After the segments 30 and 32 have been attached together using the 
5 connecting unit 34 and the pins 36, a E-shaped rear plate 38 is attached to the back 
side of the segments 30 and 32 via attachment screws 40. The rear plate 38 may be 
provided with a stiffening flange 52 as shown. The rear plate 38 has a vertical 
housing at its rear corner for recei\ ing an adjustable leg 24. The adjustable leg 24. 
as can be best seen in the side \iew of FIG. 6, has a number of holes drilled 

1 0 therethrough one inch (2.54 cm ) apart and a releasable pin 42 can be inserted though 
the housing and a respective hole in the leg 24 in order to provide one inch (2.54 cm) 
height adjustment for the leg 24 relali\ e to the rear plate 38 and bar assembly 30. 32. 
The bar segment 30 has a leg 26 that is similarly height adjustable by a pin 44. The 
bar segment 32 also has a leg 28 that is height adjustable by a pin 46. 

1 E. By \'ii1ue of the releasable pins 42. 46. 48 , each of the legs 24, 26 and 28 can 

be independently height adjusted to effect coarse adjustment, h is also possible in 
the preferred embodiment to effect a more fine adjustment on each leg 24, 26, and 
28 bv the lower portion of each leg ha\ ing a threaded foot 50 that can be rotated to 
raise or lower the foot 50 b\ fine amounts relalixe to its respectiw leg 24. 26. and 28. 

2 0 The fotn 50 is designated b\ the reference numeral 50 throughout, because the 
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threaded insertion of the toot into the respectixe legs 24, 26 and 2S is the same for 
each leg. 

Referring now particularly to FIG. 6, it will be appreciated that the 
arrangement of the legs 24, 26 and 2cS permits the S/D bar 16 including the L-shaped 
5 rear portion 38 to be adjusted for use on a flat surface, or on a curbed or uneven 
surface. For example, in the conf iguration shown in FIG. 6. the rear leg 24 is in a 
primarily upward position so that it can rest in the top of a curb, while the front legs 
26 and 28 can rest on a paxement surface below the curb. For use on a flat roadway 
surface, the rear leg 24 could be lowered into a fully lowered state, in which the feet 

10 of tlie legs 24, 26 and 28 would be generally in the same horizontal plate, and could 
rest on a roadway surface. The adjustment of the legs 24, 26 and 28, including both 
fine and coarse adjustments in the preferred embodiment, also permits the S/D bar 
16 to be used on a crowned or otherwise inclined road surface, and still permit a 
general]} horizontal beam. 

15 Turning now again to FIGS. 2 and 3, the S/D bar 16 also includes three S/D 

units 12 in the location sh(n\n. The S/D units 12 are mounted in apertures in the 
front wall of the bar segments 30 or 32. and rest generally flush with the front suiTace 
of those segments. 

The S/D bar 16 also includes the microcontroller 20 iiKHinted internally of the 
2 0 bar 16 at the location shown. An indicator such as three holes having LED's 54 
mounted therein is provided on the front surface of the bar unit 32. The LED's 
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indicate when the entire aiTanizenienl including the bars 16 and hS are in alignment 
as discussed in more detail below. The end 56 of the S/D bar 16 may have an 
attachment arrangement that corresponds to the other end 58 of the bars, so that the 
bars may be cascaded or daisy chained together. Connections 56 and 58 may also 
include connections for power andA^r data transmission. When one b;ir is used alone, 
ui in the case of the end bar of the daisy chained combination, the connector 56 may 
be connected directly to external computer 22 via a RS232 interface 24. 

EIGS. 4 and 5 illustrate a preferred embodiment of the reflector bar 18. Like 
elements as in FIGS. 2 and 3 are indicated by like reference numerals throughout. 
The principal differences betw een the reflector bar 18 and the S/D bar 16 is that the 
reflector bar 18 has retro-reflector matrix elements 16 mounted in the positions 
shown, rather than the S/D units 12. The retro-reflector matrixes 16 are mounted 
substantially flush onto the front face of the segments 30 and 32. The reflector unit 
IS docs not require the suppK of power, or any supph or transmission of data. 
Therefore, the end connections 62 and 64 which may be prox ided for cascading the 
reflector bars do not need to include power and/or data transmission. 

In a preterred embodiment, there are three S/D units 12 on each S/D bar 16. 
equally spaced from each other, and there are three retro-reflector matrixes 60 on 
each reflector bar 18, also equallx spaced from each other. Howev er, the number of 
units and their spacing ma> be modified as desired in other embodiments. 
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Jo set up the bars for operation, in a example of the usage of a single bar, the 
user first sets up the S/D bar 16 st) tliat it is projecting a beam generally across the 
rcxidwav surface. The user then crosses the vehicle path and sets up the reflector bar 
18. so that it will receive and reflect the projected beams. The user can manipulate 
5 the reflector bar 18 until proper alignment has occurred, which will be indicated by 
the LED\> 54 on the front face of the S/D bar 16. 

The construction described above also permits for ready disassembly of the 
bars. Eor example, when not in use, the S/D bar 16 can be separated by pulling out 
the pins 36 and undoing the screws 40. The legs 24, 26 and 28 can also be removed 
10 fVom their respectixc housings. After this disassembly, the various individual 
components w ill now be: the bar portion 30, the bar portion 32, the L-shaped rear 
portion 38, the connector 34. and the legs 24, 26 and 28. These \ arious components 
can be arranged in a compact fasliitMi tor storage and/or transport. 


IE. can detect the degree of tilt from horizontal, along the lengthwise axis of the S/D bar 
16. Signals from the tilt sensor 70 ma> he prov ided to the controller 20 for use in the 
adjustment of measured acccleratuMi for the acceleration of gravity pulling 
w ith/agamst the vehicle being measured. Calculation of Specific Power of the 
measured vehicle includes the adjusting of measured acceleration for the 

20 acceleration on the vehicle due to the Earth's gravity. 


hi the preferred embodiment, the S/D bar 16 mav include a tilt sensor 70 that 
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The many rcatures and ad\ anlages of the invention are apparent from the 
detailed speeifieation, and thus, it is intended by the appended claims to cover all 
such features and advantages of the iinention which fall within the true spirits and 
scope of the invention. Further, since numerous modifications and variations will 
5 readily occur to those skilled in the art, it is not desired to limit the invenrion to the 
exact construction and operation illustrated and described, and accordingly, all 
suitable modifications and equivalents may be resorted to, falling within the scope 
of the invention. 


What is claimed is: 


